The phylogenetic position of nematodes continues to be debated. Many studies have concluded support for the grouping of nematodes and arthropods, consistent with the Ecdysozoa hypothesis (Aguinaldo et al. 1997; Dopazo H and Dopazo J 2005; Philippe et al. 2005; Roy and Gilbert 2005a; Delsuc et al. 2006; Irimia et al. 2007 ). Other studies have instead suggested the grouping of arthropods and deuterostomes to the exclusion of nematodes (consistent with the Coelomata hypothesis; Field et al. 1988; Wolf et al. 2004; Brinkmann et al. 2005; Philip et al. 2005; Rogozin et al. 2007a Rogozin et al. , 2007b . In several cases, support for Coelomata may reflect long-branch attraction and/or insufficient taxon sampling (Philippe et al. 2004; Baurain et al. 2007; Irimia et al. 2007; Lartillot et al. 2007) .
Recently Zheng et al. (2007) studied spliceosomal intron positions across 11 eukaryotic genomes ( fig. 1 ). For the studied species, the implications of the Ecdysozoa/Coelomata distinction reduce to whether arthropods (represented by Anopheles gambiae and Drosophila melanogaster) group with deuterostomes (represented by humans) or nematodes (represented by Caenorhabditis elegans). Their manuscript presents 1) a new method, which they claim supports Coelomata and 2) evidence for differences in the rate of intron loss across sites, which they claim nullifies our previous support for Ecdysozoa (Roy and Gilbert 2005a) . We address these 2 lines of argument in turn.
The new method performs parsimony on a subset of ''conserved'' intron positions, defined as those present in at least 3 out of 5 taxa: D. melanogaster, A. gambiae, C. elegans, humans, and collective nonanimal outgroups. Because most phylogenetic patterns fulfilling this criterion are not informative (table 1) , this reduces to introns present in both dipteran species and either C. elegans or humans (but not both). Thus, the authors' major finding is: parsimony infers more intron gains (excluding those subsequently lost in a dipteran) in a hypothetical Coelomata ancestor than in an Ecdysozoan ancestor (as previously seen, e.g., compare figure 3b of Rogozin et al. [2003] and figure 2 of Roy and Gilbert [2005b] ), which they interpret as evidence for Coelomata. However, there are several problems.
First, support for Coelomata is entirely dependent on their idiosyncratic definition of ''groups.'' Under their division whereas each dipteran species (D. melanogaster and A. gambiae, diverged 250-300 MYA; Holt et al. 2002) constitutes a separate group, the deeply diverged nonanimals (plants, apicomplexans, and fungi) share a single group. As such, all phylogenetically informative conserved positions are animal specific, whereas all phylogenetically informative introns shared with nonanimals are deemed ''variable'' and excluded. When more intuitive phylogenetic groupings are used (e.g., 3 main animal groups, fungi, and plants þ apicomplexans or animals, fungi, plants, and apicomplexans), and only introns present in at least three groups considered, the results consistently support Ecdysozoa over both Coelomata and the third alternative (arthropods as an outgroup to a clade including nematodes and deuterostomes, termed ''Bizarre'' by Rogozin et al. [2007a] Notably, all the support for Coelomata relies on the ''Coelomata'' introns (those specific to humans and dipterans) having been gained along the internal branch (otherwise these introns are ancestral bilaterian introns that have been lost along an external branch and so are not informative). However, it has been repeatedly shown that such introns are not gains in Coelomata, but ancestral bilaterian ancestors that have been lost in C. elegans. Of the 87 Coelomata gains inferred by parsimony in a data set directly related to that of Zheng et al. (Rogozin et al. 2003) , maximum likelihood reanalysis estimated than none (0) were true gains (Nguyen et al. 2005 ). More recently Carmel et al. (2007) estimated no gains along the Coelomata branch, even though parsimony infers 42 (calculated from their raw data, provided to us by Liran Carmel). Therefore, it seems most unlikely that many of these introns represent changes in a Coelomata ancestor.
That the Coelomata intron positions are not true Coelomata synapomophies becomes even clearer when the intron-rich basal animal Nematostella vectensis is considered. In a similar data set (Sullivan et al. 2006 ), 69% of intron positions shared between dipterans and humans (but absent from C. elegans and nonanimals and thus seemingly supportive of a Coelomata clade) are present in N. vectensis (calculated from their raw data, provided to us by Jim Sullivan), clear evidence that these introns are largely not true Coelomata synapomorphies. (We were unable to perform the analogous analysis on the Zheng et al. data set as the raw protein alignments were not preserved by the original authors.)
Further, the Zheng et al. method is expected to systematically place the taxon that has experienced the most intron loss as the outgroup. Regardless of topology, in order to be included in the study, an ancestral bilaterian intron must be retained all the way to dipterans (implying presence in the Coelomata or Ecdysozoan ancestor), as well as either 1) lost in humans and retained in C. elegans (supporting Ecdysozoa) or 2) lost in C. elegans and retained in humans (Coelomata). Because the C. elegans branch has experienced far more intron loss than humans (Rogozin et al. 2003; Banyai and Patthy 2004; Csurös 2005; Nguyen et al. 2005; Raible et al. 2005; Gilbert 2005a, 2005b; Carmel et al. 2007; Csuros et al. 2007 ), we a priori expect more ancestral bilaterian introns to artifactually support the Coelomata topology. The relative probabilities of loss along the 2 branches appear to be around 3 to 1: Among introns shared between a dipteran and a nonanimal, 24.0% and 63.5% are absent in humans and C. elegans, respectively. Thus, the relative probabilities of a character artifactually supporting Coelomata or Ecdysozoa are expected to be perhaps an order of magnitude different, consistent with the findings of Zheng et al.
The final point is more subtle. Zheng et al. introduce a modified Dollo parsimony argument that takes into account differences in probabilities of loss along branchesformally, differences in the cost for an intron loss along different branches. Different relative costs for loss along the human and C. elegans branches lead to different relative probabilities of Coelomata and Ecdysozoa. They show that the data support Coelomata only as long as the probability of loss in nematodes is at least 9.3 times higher than for humans (for details, see Zheng et al. 2007 ). However, the observed probability of loss along the nematode branch is only around 3 times higher than for humans (see above), suggesting a similar relative cost, well with the range over which the data support Ecdysozoa. In total, then, for several reasons the Zheng et al. results may not provide strong support for Coelomata.
The second claim of Zheng et al. was that variations in rates of intron loss across sites fully explain and nullify our previous findings (Roy and Gilbert 2005a) . Zheng et al. first confirm previous findings of such differences (Sverdlov et al. 2004; Roy and Gilbert 2005c) , which violate an assumption of our proposed intron position-based phylogenetic method (Rogozin et al. 2005; Roy and Gilbert 2005a) . They conclude that our findings of support of Ecdysozoa are ''fully explained by parallel loss of introns in nematodes and arthropods'' (Zheng et al. 2007 ). However, no quantitative comparison of expected and observed magnitudes of signal is presented, and, in general, they do not study the specific expected effects of violations of the assumption on our method. It is therefore difficult to evaluate their claims.
How are such rate variations likely to affect our conclusions? Our method consists of a set of 6 comparisons between ratios of introns retained to lost (Roy and Gilbert 2005a) . For instance, all introns shared between deuterostomes and nematodes (but not in the outgroup plants) were present in a presumed Coelomata ancestor; thus, the relative number of these that are retained versus lost in arthropods (ADN/DN in our notation, with the absence of ''P'' indicating absence in plants) is just given by the probability of retention along the arthropod branch. Similarly, among introns present in deuterostomes and plants (and present . Under the assumption of equal rates across sites, the 3 different possible topologies give qualitatively different predictions about the relationship between each pair of compared ratios-whether greater than, less than, or equal to (table 3) . Please see (Roy and Gilbert 2005a ) for a full development of the method.
How are these expectations likely to be affected by differences in rates across sites? In each comparison, the left-hand ratio concerns animal-specific introns, whereas the right-hand ratio concerns introns shared between plants and animals. Given their retention over deep phylogenetic distances, we might expect introns in the right-hand ratio to experience lower overall rates of loss and thus to have a higher retained-to-lost ratio. That is, the logic of the method likely underestimates the right-hand ratio (relative to the left) because introns on the right will experience lower rates of loss on average. Thus, the predictions should probably be revised toward less than: those that are nominally greater than are perhaps also truly consistent with equal to (under certain conditions); those that are nominally equal to might be consistent with less than.
Two of the 3 comparisons supporting Ecdysozoa are robust to these concerns, as they fulfill greater than predictions, which cannot be explained by lower rates of loss among right-hand introns (table 3) . Therefore, the support for Ecdysozoa is likely to be robust to differences in rates of loss across sites. Although this in turn implies that some findings of '' 5 '' may be consistent with nominal greater than Coelomata predictions, there remain no clear comparisons that exclusively support Coelomata. That difference in loss rates across sites leads to right-hand ratios being relatively higher than predicted was confirmed by simulations and by analysis of expected ratios under various distributions across sites (2 site classes, a general gamma distribution; data not shown).
Fully harnessing the phylogenetic potential of spliceosomal intron positions over deep evolutionary distances requires improved evolutionary models of intron loss/gain. Two recent major studies make significant theoretical and empirical progress (Csuros et al. 2007; Carmel et al. 2007 ). An important remaining issue involves the prevalence of rate differences across sites, which have been repeatedly found (Sverdlov et al. 2004; Roy and Gilbert 2005b; Zheng et al. 2007 ) but which were not recovered by the most statistically sophisticated reconstruction to date (Carmel et al. 2007 ). Availability of large numbers of metazoan genomes affords the opportunity for significant model improvements.
In total, it is not clear what Zheng et al. have shown about the performance of our method. On the other hand, owing to several concerns raised here, in our opinion, their analyses do not provide convincing evidence for Coelomata.
